Introduction
Goeldi's monkey, Callimico goeldii, is a rare and little-studied South American primate. It is sparsely distributed within a wide range in the upper Amazon basin (Hershkovitz, 1977) and has only been kept in captivity in any numbers since the mid-1970s (Beck et al., 1982; Carroll, 1982) . This species is of considerable scientific interest because it is in a monospecific genus which is regarded taxonomically as intermediate between the two New World primate families of the Callitrichidae (marmosets and tamarins) and the Cebidae (the 'true' monkeys) (Hill, 1959; Rosenberger, 1981; Dutrillaux et ai, 1988) .
Captive breeding programmes have been recently established for Goeldi's monkey (Andrews, 1986; Rettberg, 1986) to improve the management and conservation of this unusual primate species in captivity. Breeding success will benefit from accurate information on the reproductive biology of this primate and from the availability of reliable and practical methods for monitoring repro¬ ductive function. Goeldi's monkeys, however, do not demonstrate any overt signs of their repro¬ ductive status, such as menstruation or a change in sex skin swelling or coloration. Females have a behavioural oestrous cycle of about 22-24 days, a post-partum oestrus, a gestation length of about 150-160 days, show no breeding seasonality and produce a single offspring at each birth (Lorenz, 1972; Beck et al., 1982; Carroll, 1982 (1979, 1981) (Hodges et ai, 1981; Eastman et al., 1984; French et al., 1984; Pryce et ai, 1988 ). Goeldi's monkeys have proved no exception and the first preliminary studies showed that measurements of urinary oestrone conju¬ gates (Carroll et al., 1989; Ziegler et ai, 1989) and total urinary oestradiol (Christen et ai, 1989) provided useful initial indicators of ovarian cyclicity and pregnancy. The aim of this study was to (i) identify the major oestrone and oestradiol-17ß metabolites excreted in the urine of Goeldi's monkeys during the ovarian cycle and pregnancy from a represen¬ tative number of females; (ii) 
Materials and Methods

Animals
Six adult female Goeldi's monkeys were used in this study ( (Mallinson, 1977; Oliver, 1983) and their husbandary has been previously described (Carroll, 1982) . The females were kept in male-female pairs (n = 2) or in trios of 1 male and 2 females (n = 4). Three of the females were also studied before the introduction of a male (in one pair and one trio: Table 1 ). August-26 November 1985 using a cup to catch the first morning urine as it was voided. In the former situation, samples were collected between 07:30 and 11:00 h and, in the latter, shortly after the room lights were switched on at 07:30 h. Samples were normally collected at intervals of 1-3 days for periods of 1 -5-5-5 months (see Table 1 for details). Directly after collection, urine samples were stored in polypropylene tubes at -30°C until assayed.
Creatinine determination
The creatinine content of each urine sample was determined to control for variations in the volume and concen¬ tration of the voided urine . Urinary hormone concentrations were expressed as mass/mg creatinine (mg Cr).
Immunoreactive oestrogens
Hydrolysis of oestrogen conjugates. Primates generally, and callitrichid monkeys in particular, excrete high pro¬ portions of oestrogen in a conjugated form, such as glucuronides, sulphates and other unidentified conjugates (Hodges et ai, 1979 (Hodges et ai, , 1983 (Eastman et ai, 1984; . The oestrone and oestradiol-17ß released by each procedure were measured by specific radioimmunoassay and are expressed as µg/mg Cr in ß-glucuronidase, 68-9 ± 10-4% (n = 5) and 3-5 ± 0-4% (n = 5), respectively, which relate to the glucuronide fraction in Table 2 ; sulphatase, 75-9 ± 6-3% (« = 4) and 69-4 ± 9-7% (n = 5), respectively, which relate to the sulphate fraction in Table 2 ; solvolysis, 79-2 + 2-4% (n = 5) and 65-7 + 6-5% (« = 5), respectively, which relate to the residual fraction in Table 2 . These results confirmed the specificity of ß-glucuronidase in cleaving glucuronide conjugates .
Oestrogen conjugate assay. On the basis of the above data, the oestrogen content of the urine of study females was monitored by a direct, non-extraction radioimmunoassay for oestrone-3-glucuronide Hodges el al., 1984) . Duplicate portions (5-20 µ ) of urine were taken for assay. The antiserum used in the assay was raised in a rabbit against oestrone-3-glucuronide-BSA and showed the following cross-reactivities: 120% for oestrone, 62% for oestrone-3-sulphate, 20% for 17ß-oestradiol-3-monosulphate, <0-l% for 17ß-oestradiol-17-sulphate, 17ß-oestradiol-17-glucuronide and oestradiol-16a-glucuronide. Serial dilutions of Goeldi's monkey urine ( -1-µ ) from 2 females in the luteal phase of the ovarian cycle and 1 pregnant female gave displacement curves parallel to that obtained with oestrone glucuronide standards. The mean ± s.e.m. recovery of unlabelled oestrone-ß-D-glucuronide (sodium salt, Sigma No. E1752; values expressed as µg base/mg Cr) added to a Goeldi's monkey urine pool was 95-5 + 6-5% (n = 7) over the standard curve range of 29-7-1900 pg/tube. The sensitivity limit of the assay at 90% binding was 5-8 pg/tube. Inter-assay precision was 10-0% with a urine pool of 9-5 ± 0·4µg/mg creatinine (8 assays). Intra-assay precision was 4-0% with a urine pool of 3-70 + 003 µg/mg creatinine (n = 24).
Progesterone immunoreactivity
Urine samples (100 µ ) were extracted with 1 ml petroleum ether before assay. Urinary progesterone in Goeldi's monkey urine was measured using a modification of the heterologous enzyme immunoassay procedure (Sauer et al., 1986) described by Hodges el al. (1988) . Briefly, the antiserum was raised in a sheep against progesterone-11 othemisuccinate conjugated to ovalbumin and showed the following cross-reactivities: llct-hydroxyprogesterone 52-9%, 5ß-pregnane-3,20-dione 36-3%, 5a-pregnane-3,20-dione 4-7%, other C21 steroids <2%, cortisol <01% and C19 and C18 steroids < 0-1 %.
Serial dilutions of Goeldi's monkey urine (1-25-10 µ ), from 3 females during the follicular phase and 3 females during the luteal phase gave displacement curves parallel to that obtained with progesterone standards (6-5-20 pg/ Downloaded from Bioscientifica.com at 03/08/2019 11:21:56PM via free access well). The recovery of unlabelled progesterone added to a Goeldi's monkey urine pool was 100-4 + 7-2% (n = 14) over the standard curve range. The sensitivity limit of the assay at 90% binding was 6-5 pg/well: inter-assay precision was 8-1% (12assays) and intra-assay precision was 1-8% (n = 22).
High-pressure liquid chromatography (h.p.l.c.)
As progesterone was not identified as an extracted urinary progestagen from gas chromatography/mass spectrometry (GC/MS) analysis of Goeldi's monkey urine (Christen et al., 1989) 
Pregnanediol glucuronide
Urine samples (2-5 µ ) were submitted to a direct non-extracted enzyme immunoassay for pregnanediol glucuro¬ nide, as previously described (Hodges & Green, 1989) . Briefly, the antiserum, raised in a rabbit against pregnanediol3a-glucuronide-BSA showed major cross-reaction only with 5ß-pregnanediol (45-1%), 5ß-pregnanedione (41%), 20a-dihydroprogesterone (12-1%), 5ß-pregnanetriol (<01%), 17a-hydroxyprogesterone (01%) and oestradiol-17-glucuronide (01%). Serial dilutions of Goeldi's monkey urine (0-625-5 µ ), from 3 females in the follicular phase and from 3 females in the luteal phase gave displacement curves parallel to that obtained with pregnanediol glucuronide standards (12-5-6000 pg/well). The recovery of unlabelled 5ß-pregnane-30a,20ct-diol glucuronide (in free acid form: Sigma No. P3635) added to a Goeldi's monkey urine pool was 102-8 ± 9-7% (n = 16) over the standard curve range. The sensitivity limit of the assay at 90% binding was 12-5 pg/well. Inter-assay precision was 14-2% (8 assays) and intra-assay precision was 9-7% (« = 16).
LH bioactivity
Bioactive LH was measured in Goeldi's monkey urine using a modified mouse Leydig cell bioassay (Hodges et al., 1987; Abbott et al., 1988) . Duplicate portions of urine (2-5-5 µ ) at two appropriate doubling dilutions, with the initial dilution ranging from 1:50 to 1:1000, and triplicate aliquants of reference standard (6-25-200 i.u (Hodges et al., 1987) . Intra-and inter-assay coefficients of variation were 13-4% (15 assays) and 9-3% (n= 15), respectively. The sensitivity limit of the bioassay was 10 µ .u./tube. Serial dilutions of Goeldi's monkey urine gave displacement curves parallel to that obtained with the human reference preparation. ( 1989) showed that the urinary LH peak occurred at the time of the onset of the rise in concentrations of urinary oestrone conjugates, and so an estimated time of presumed ovulation was taken as the day before urinary oestrone conjugate concentrations reached 5 µg/mg Cr. This estimate may be inaccurate by 1-2 days, but this is a sufficiently small source of error for the purpose of this study.
The estimated time of presumed ovulation was further supported by the fact that the expected increase in female sexual solicitations of males occurred at this time (Table 4) and that, immediately following this time, prolonged elevations of urinary oestrone conjugate concentrations occurred during all 3 observed conception cycles (e.g. Fig. 3) . (Carroll, 1985) . Quantitative behavioural measurements were recorded on check-sheets and the following behavioural categories were scored (Carroll, 1985) . Female proceptive behaviour was sexual solicitation of the male by the female whereby (i) the female approaches the male and stands bipedally, with her sternal area close to the male's face, and arms held at right angles to the body (bipedal stance: Carroll, 1985) and (ii) the female stands quadrupedally in front of the male, with her posterior region close to his head, frequently looking back at the male over her shoulder, sometimes reaching back towards the male with one of her hands (present: Carroll, 1985) . Copulation was typical primate copulation with accompanying pelvic thrusts by the male. Statistical analysis of the behavioural data was made using the Kruskal-Wallis one-way analysis of variance and the Mann-Whitney U test (Siegel, 1956 (Fig. 3) , M440 and M947). In the 4th pregnant female in the study (M872), urinary oestrone concentrations were 130 ± 7µg/mg Cr (range: 680-213 µg/mg Cr) during the sampling period of -11 to -2 weeks before parturition. At 2-3 weeks after conception, urinary oestrone conjugate concentrations frequently exceeded the maximum value of 58-2 µg/mg Cr found during the luteal phase of non-fertile cycles (compare Fig. 2 and Fig. 3 ). In Monkey M866 (Fig. 3) Fig. 3 ). Urinary LH concentrations were also mostly below l-7mi.u./mg Cr during pregnancy. In 2 out of 3 pregnancies monitored immediately after conception, urinary progesterone and pregnanediol glucuronide concentrations rose concomitantly with those of urinary oestrone conjugates (Fig. 3) . However, these elevated values were not con¬ stantly maintained and fluctuations were frequent. In Female M440, urinary concentrations of progesterone and pregnanediol glucuronide were erratic following conception. Female M440 was the only female not to produce a healthy infant at term. She suffered an apparently spontaneous miscarriage following this study, failed to produce any more infants and had to be hysterectomized approximately 1 year later because of a prolapsed uterus. Siegel, 1956 ).
Reproductive suppression
In 2 out of the 3 trios, each established with 2 females and 1 male ( In the third trio, no offspring were produced. At the time of the introduction of the male, the dominant female (M947) apparently underwent premature curtailment of the luteal phase of a cycle (Fig. 4) , but then proceeded through a normal cycle. Neither cycle was included in the aggregate hormonal profiles shown in Fig. 2 (Fig. 4) . This acyclic state persisted until after the 2 females fought, 46 days after introduction of the male. Subordinate female M922 was partitioned off within the enclosure containing the male and dominant female (M947). The subordinate's ovarian cyclicity recommenced within 2-3 weeks of this separation (Fig. 4) .
Sexual behaviour
Of the 4 females observed (Table 1) and the pregnant female red-bellied tamarin, S. labiatus (Pryce et al., 1988) , in which conjugated oestradiol was the most abundant urinary oestrogen.
The cyclic elevations in concentrations of urinary oestrone conjugates apparently reflected the post-ovulatory luteal phase of the ovarian cycle. Cyclic elevations in urinary progesterone and pregnanediol glucuronide concentrations occurred concomitantly with those of urinary oestrone conjugates and thus were suggestive of a luteal origin for the high concentrations of oestrone conjugates in female Goeldi's monkeys, resembling findings in the female common marmoset mon¬ key . Furthermore, increased sexual solicitations of males by females occurred at the hormonally defined peri-ovulatory period, indicative of a presumed ovulatory event at the time just before the elevation in urinary oestrone conjugates. In the female common marmoset monkey, proceptive displays are almost exclusively limited to around the time of ovulation (Kendrick & Dixson, 1983) . Further evidence for the post-ovulatory nature of increased urinary oestrone conjugate excretion in female Goeldi's monkeys has been provided by Ziegler et al. (1989 Ziegler et al. ( , 1990 because the pre-ovulatory urinary LH peak occurred coinci¬ dent with the onset of sustained elevations of urinary oestrone conjugate concentrations. Similar confirmatory LH data were not found in this study, but this may have been due to the failure to stabilize bioactive LH (Ziegler et al., 1987) .
The preponderance of post-ovulatory elevations in urinary oestrone conjugate concentrations in Goeldi's monkeys clearly resembled the pattern of urinary oestrogen excretion found in most marmoset and tamarin monkeys studied (e.g. Eastman et al., 1984) but was distinct from that of a cebid monkey, such as the capuchin Cebis albifrons (Hodges et al., 1979 (Hodges et al., , 1981 in which the urinary oestrogen profile clearly identified the preovulatory oestrogen rise preceding or coincident with the urinary LH peak. However, since the cebid owl monkey showed elevations in urinary oestrogen concentrations only in the luteal phase (Bonney et ai, 1979) , and only preovulatory urinary oestro¬ gen peaks were clearly delineated in the callitrichid saddle-back tamarin (Hodges et ai, 1981) , these urinary endocrine differences may simply reflect the idiosyncracies of steroid hormone excretion in individual species rather than true differences in hormone metabolism and excretion between the two primate families.
Measurement of urinary progesterone and pregnanediol glucuronide proved particularly useful in this study to delineate the suppression of ovarian cyclicity in a subordinate female (M922). This is the first recorded case of physiological suppression of reproduction in a subordinate female Goeldi's monkey. Normally, in captive monogamous family groups of Goeldi's monkeys, mature daughters also fail to breed (Carroll, 1982) . It is not yet known whether ovulation is suppressed in the non-breeding daughters. However, if a strange adult male is introduced to a mother-daughter or sister-sister dyad, both females in the dyads breed (Carroll, 1986 ; H. Dornbrack, personal communication, respectively). These latter observations might explain why both females (unrelated) bred in Trios 1 and 2 of this study (Table 1) before the subordinate females were attacked and had to be removed. In callitrichid monkeys such as the common marmoset, the suppression of ovulation among subordinate females is widespread . In the golden lion tamarin, however, a behavioural block to subordinate reproduction operates (French & Stribley, 1990) . Callitrichid monkeys apparently benefit from the presence of non-breeding helpers to aid in caring for the young of the dominant female, which might explain why these primates demonstate such extreme suppression of subordinate female reproduction. Goeldi's monkeys also employ non-breeding helpers to help raise the offspring of the dominant female in captive groups. However, unlike callitrichid monkeys, Goeldi's monkey mothers care for their infants exclusively until the infants reach about 3 weeks of age, when typical callitrichid infant-sharing amongst the group commences (Carroll, 1982) . Perhaps with less use of non-breeding helpers to raise the off¬ spring of the dominant female, there might also be a lesser need for an extreme form of female reproductive suppression in Goeldi's monkeys.
